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SHORT ABSTRACT: We describe how to use laser capture microdissection (LCM) to obtain
enriched populations of hippocampal neurons or single neurons from frozen sections of the
injured rat brain for subsequent gene expression analysis using quantitative real time PCR and/or
whole-genome microarrays.

LONG ABSTRACT: Long-term cognitive disability after TBI is associated with injury-induced
neurodegeneration in the hippocampus—a region in the medial temporal lobe that is critical for
learning, memory and executive function.* Hence our studies focus on gene expression analysis
of specific neuronal populations in distinct subregions of the hippocampus. The technique of
laser capture microdissection (LCM), introduced in 1996 by Emmert-Buck, et al.,® has allowed
for significant advances in gene expression analysis of single cells and enriched populations of
cells from heterogeneous tissues such as the mammalian brain that contains thousands of
functional cell types.* We use LCM and a well established rat model of traumatic brain injury
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(TBI) to investigate the molecular mechanisms that underlie the pathogenesis of TBI. Following
fluid-percussion TBI, brains are removed at pre-determined times post-injury, immediately
frozen on dry ice, and prepared for sectioning in a cryostat. The rat brains can be embedded in
OCT and sectioned immediately, or stored several months at -80°C before sectioning for laser
capture. Additionally, we use LCM to study the effects of TBI on circadian rhythms. For this,
we capture neurons from the suprachiasmatic nuclei that contain the master clock of the
mammalian brain. Here, we demonstrate the use of LCM to obtain single identified neurons
(injured and degenerating, Fluoro-Jade-positive, or uninjured, Fluoro-Jade-negative) and
enriched populations of hippocampal neurons for subsequent gene expression analysis by real
time PCR and/or whole-genome microarrays. These LCM-enabled studies have revealed that the
selective vulnerability of anatomically distinct regions of the rat hippocampus are reflected in the
different gene expression profiles of different populations of neurons obtained by LCM from
these distinct regions. The results from our single-cell studies, where we compare the
transcriptional profiles of dying and adjacent surviving hippocampal neurons, suggest the
existence of a cell survival rheostat that regulates cell death and survival after TBI.

INTRODUCTION: Gene expression analysis of heterogeneous tissues has always been
problematic; this is particularly true in the mammalian brain, which has approximately 5000
different cell types.* Prior to the development of the laser capture microdissection (LCM)
technique, genomic studies of the effects of TBI in vivo were based on analysis of gene
expression in a mixed population of brain cells comprised, not only of different neuronal cell
types, but also of supporting glial and immunomodulatory cells. The resulting complex gene
expression profiles obtained from these heterogeneous tissues, and the often conflicting patterns
of injury-induced cellular signals, may be one explanation for the failure in human clinical trials
of therapeutic strategies proven effective in pre-clinical studies of TBI.

To obtain a clear understanding of injury-induced gene expression in vulnerable populations of
neurons from the rat hippocampus, we adopted the technique of LCM, first reported by Emmert-
Buck et al.? Subsequently, we modified and optimized this microdissection technique for
efficient capture of enriched populations of neurons and single neurons for mMRNA profiling
using quantitative real time PCR and microarray analysis. To maintain the integrity of mMRNA in
frozen sections of brain tissue for genomic analysis, we modified existing protocols for fixing,
staining and rapid capture of neurons from frozen rat brain sections. For identification and
isolation of injured and dying hippocampal neurons, we also optimized the Fluoro-Jade staining
technique for LCM. Fluoro-Jade does not distinguish between apoptotic and necrotic cell death.
Thus, all types of degenerating neurons can be detected by this stain.®’

Here, we describe the protocol used in our laboratory to obtain pools of single dying or surviving
neurons as well as swaths of enriched populations of distinct neuronal cell types (i.e., CA1-CA3
neurons for gene expression analysis after TBI). The procedure for fluid percussion brain injury
performed in our laboratory is described in detail in Shimamura et al.,? and is very similar to the
lateral fluid-percussion injury protocol for mice published in JoVE by Alder et al.® Since the
LCM technique has been shown to have minimal or no effect on the integrity of DNA, RNA and
protein in tissues, this is an excellent tool for molecular and protein analysis of defined cell

types.



PROCEDURE:

1)

1.1)

1.2)

1.3)

1.4)

2)

2.1)

2.2)

2.3)

Surgical procedures and Fluid percussion TBI

All animal experiments are first approved by the Institutional Animal Care and Use
Committee of the University of Texas Medical Branch, Galveston, Texas and the National
Institutes of Health Guide for the Care and Use of Laboratory Animals (8th Edition,
National Research Council).

Rats (adult male Sprague-Dawley rats, 400-500¢g obtained from vendor Charles Rivers,
Portland, Maine) are housed two per cage and provided food and water ad libitum in a
vivarium with these constant conditions: light cycle (600 h to 1800 h) temperature (21°C
to 23°C), and humidity (40% to 50%) one week prior to use.

Anesthetize rats with 4% isoflurane, intubate, and mechanically ventilate (NEMI
Scientific; New England Medical Instruments, Medway, MA) the rats with 1.5-2.0%
isoflurane in oxygen: air (70:30) and prepare them for parasagittal fluid-percussion injury
as previously described .2+

Sacrifice rats at the appropriate time point after injury depending on the experimental
design. Quickly remove brains, freeze immediately on dry ice, and store at -80°C in a 50
ml tube or proceed immediately to embed in OCT for frozen sectioning.

Sectioning and Staining of Rat Brain. (Note: the sectioning, staining and LCM
procedures can all be filmed, although only the LCM part needs to be shown in
detail. We suggest that 2.1-2-10 need not be filmed in their entirety but a snapshot of
the sectioning and staining procedures would be sufficient. The subsequent RNA
isolation procedures will just be described.)

Brain tissue that is not used immediately can be kept at -80°C for up to one month if kept
at a constant temperature. Brains that are frozen at -80°C, then thawed to -20 °C for
sectioning, and then re-frozen do not yield quality RNA after the second thawing. Once
the brain is thawed, mounted in OCT and sectioned, slides should be stained within 24
hours and used for LCM within 30 minutes to one hour of staining. This will ensure good
quality RNA. Following LCM, captured cells on LCM caps can be stored in lysis buffer at
-80 °C for up to one week, but RNA should be isolated in a timely manner to ensure the
highest quality.

Prior to sectioning the brain, wipe the cryostat with RNase-Zap and clean the brushes with
ETOH (replace the disposable blade between each brain).

Retrieve the brain in the 50 ml tube from the -80°C freezer; place it into the cryostat at a
temperature of -22°C and thaw in tube for approximately 10 minutes. Remove the brain
from the tube and place onto the stage on gauze, ventral side up



2.4)

2.5)

2.6)

2.7)

2.8)

2.9)

2.10)

2.11)

2.12)

Using a razor blade, slice the brain to remove the posterior portion of the brain just rostral
to the cerebellum and the anterior portion at the optic chiasm. Fill a cryomold with OCT
mounting medium (Tissue Tek), and place the brain into the mold with the anterior side
down. Allow the brain tissue to freeze in the mounting medium until it turns white
(approximately 10 minutes).

Freeze the specimen disc (Tissue Tek) onto the brain with OCT. Remove the brain from
the mold. Insert the brain into the specimen head and tighten the screws.

Insert a disposable, low profile blade (Fisher Scientific) into the knife holder and tighten
the lever down.

Begin slicing the brain at 20 microns to remove the outer layer of OCT. Once the
hippocampal region is reached, set the micron dial to 10. Collect coronal serial sections
by placing a glass slide or plus-glass slide onto the tissue section (Fisher Scientific).
Slides are preserved at -20°C in an RNase-free staining rack until sectioning is complete.

To remove all RNases from glassware where tissue sections are processed, wipe down all
staining containers and graduated cylinders with Eliminase (Fisher Scientific) and rinse in
Milli Q water. Prepare all solutions with RNase-free water and filter the cresyl violet
(Sigma-Aldrich) and Fluoro-Jade (Histo-chem) stain with a 0.2 micron filter prior to use.

Thaw brain sections at room temperature for 30 seconds and fix in 75% ETOH (1min).

For LCM of single injured neurons after fixation, rinse slides in RNase-free water (1 min),
counterstain with 1% cresyl violet (15-20 sec), rinse in RNase-free water (2 x 30 sec),
stain with Fluoro-Jade (4 min), rinse in RNase-free water (3 x 1 min), dehydrate with 95%
ETOH made from RNase-free water (30 sec), 100% ETOH (30 sec), and xylene (2 x 3
min).

For LCM of swaths of neurons after fixation, rinse slides in RNase-free water (1 min),
stain with 1% cresyl violet (1 min), rinse in RNase-free water for (3 x 1 min), dehydrate
with 95% ETOH (2 x 30 sec), 100% ETOH (2 x 30 sec), and xylene (2 x 3 min).

Air dry all sections in a fume hood for 15 minutes prior to LCM. Slides can be stored,
section sides up, in a slide box lined with dessicant, if they need to be transferred from
room to room. However, optimal results are obtained if LCM is performed immediately
after sections are dry. LCM should be limited from 30 minutes to 1 hour. In the next
section, we describe first how to capture continuous swaths of cells, which is easiest to
master for those who are learning this technique. Then we describe how to precisely
capture single neurons. In our procedure, we identify dying neurons by their affinity for
Fluoro-Jade—a marker of degenerating neurons. Fluoro-Jade-negative cells are presumed
to be surviving neurons.

3.) Laser Capture Microdissection (LCM)



LCM of swaths of enriched populations of hippocampal neurons

3.1)

3.2.)

3.3)

3.4)

3.5)

3.6)

3.7)

3.8)

3.9)

3.10)

3.11)

LCM is performed using a PixCell lle microscope with an infrared diode laser (Life
Technologies).

Adjust the center joystick to the vertical position. Rotate and lock the 4x objective into
position.

Place a slide at the center of the microscope stage and manually adjust until the region of
the hippocampus is in view. Use coarse and fine focus adjustments to bring the image into
focus.

Activate the vacuum chuck by pressing the vacuum button on the controller. Rotate and
lock the 10x objective into place. Focus again with coarse and fine adjustments.

Load the CapSure Macro LCM caps (Life Technologies) into the CapSure cassette module
and position a cap at the load line position. Rotate the Cap Placement arm and position
around the cap. Raise the Cap Placement arm to remove the CapSure cap from the
cassette module.

Rotate the Cap Placement arm over the slide and lower the arm down over the slide; this
will place the cap onto the slide. Adjust the fine focus and move the joystick to check if
cells are inside the black circle on the cap. All cell captures should be inside this black
circle.

Set the laser parameters. First, press the laser-enable button on the controller. The laser
target spot will be visible as a pink dot in the field of view on the computer monitor.

Set the laser spot size to small (7.5 um) to focus the laser and adjust the power and
duration to 65 — 75 mW, for 1.0-2.0 ms as needed for optimal cell capture.

To test the laser, use the joystick to move the laser spot to an area where there are no cells
to pick up. Fire the laser using the thumb switch. Use the joystick to move the laser spot
away from the melted polymer spot and check to see if a visible dark ring surrounds a
clear area where the laser was fired.

To capture cells, use the joystick to move the laser spot over the area of cells to capture.
Fire the laser using the thumb switch. Move the joystick while firing the laser to capture a
large area of cells. When the laser is fired it melts the thermoplastic polymer film on the
cap to the surface of the target cells. The polymer absorbs the laser radiation, thus not
altering the RNA, DNA or protein ensuring the integrity of the sample for future
molecular applications.

After firing all cells of interest, lift the Cap Placement arm. The captured cells will
separate from the tissue section and adhere to the CapSure cap. The remaining tissue and



missing cells will be visible in the field of view. The cells on the cap can also be viewed
by placing the cap on an empty portion of the slide.

3.12) Lift the Cap Placement arm and rotate it to the Cap Unload Station. Lower the cap into
the station and rotate the Cap Placement arm back into its previous position.

3.13) Slide the CapSure insertion tool along the platform and onto the cap. Lift the tool from
the platform. The cap will remain attached. Lightly touch the cap to the CapSure clean
pad to clean away unwanted tissue.

3.14) Place the cap into a 0.5 ml RNase-free tube filled with 100 ul of lysis buffer obtained from
the RNAqueous Micro-Isolation Kit. Immediately vortex the cap for 30 seconds to lyse
the cells. Incubate the samples at 42°C for 30 minutes and freeze at -80°C until RNA
isolation.

LCM of single FJ+ neurons in the hippocampus.

3.15) To capture single cells, load CapSure HS LCM caps into the CapSure cassette module and
position a cap at the load line position. Rotate the Cap Placement arm and position it
around the cap. Raise the Cap Placement arm to remove the CapSure cap from the
cassette module.

3.16) Set the laser spot size to small (7.5 um) to focus the laser and adjust the laser power and
duration to 65 -75 mW for 0.45 to 0.50 ms for optimal cell capture of single cells.

3.17) Rotate the Cap Placement arm over the slide and lower the arm down toward the slide.
This will place the cap onto the slide. The Capsure HS cap surface sits elevated from the
sample during LCM.

3.18) Use the joystick to move the laser over single FJ+ cells. All cells being captured must be
inside the small black ring on the cap. Fire the laser using the thumb switch.

3.19) When all cells within the black circle area have been fired with the laser, lift the Cap
Placement arm. The captured cells will separate from the tissue section and adhere to the
CapSure HS cap.

3.20) Place another slide on the microscope stage and collect FJ+ cells until the HS cap is full.
Place the cap into a 0.5 ml RNase-free tube filled with 40-50 ul of lysis buffer.
Immediately vortex the cap for 30 seconds to lyse the cells. Incubate the samples at 42°C
for 30 minutes and freeze at -80°C until RNA isolation.

4.) Total RNA isolation from LCM samples (this section will just be described in the video
presentation)

4.1.) Total RNA from cells is isolated using the RNAqueous-Micro Kit (Ambion) following the
manufacturer’s protocols. All reagents and wash solutions are provided in this kit. Pre-wet



the micro filter cartridge assembly by adding 30 ul of lysis solution buffer to the filter.
After 5 minutes, centrifuge the filter for 30 seconds at 10,000 x g.

4.2)) Add 3 ul of LCM additive to the sample lysate, pipette to mix, and centrifuge.

4.3.) Add 52 ul of 100% ETOH (1/2 volume) to the sample lysate; pipette to mix, and transfer
the lysate to the filter column.

4.4) Centrifuge the filter column at 10,000 x g for 1 min to bind the RNA to the column. If
there are multiple caps for one sample, spin each lysate through the same column
separately.

4.5) Complete the RNA isolation procedure as described in the RNAqueous Micro Kit.

4.6) Perform DNase treatment and DNase inactivation of LCM RNA samples as described in
the kit, transfer the RNA to a RNase-free tube and store at -80°C.

5.) RNA Quantification and Downstream applications

Assessment of RNA quality and quantification is performed with an Agilent Bioanalyzer
using reagents from the Pico Kit (Agilent Technologies, Santa Clara, CA) following the
manufacturer’s protocol

5.1.) Total RNA is analyzed on an Agilent Bioanalyzer 2100 (Agilent Technologies). The
software evaluates the concentration and the integrity of the RNA sample by assigning an
RNA Integrity Number (RIN) to each sample ranging from 1 to 10. 1-5 indicates
degraded RNA and 7-10 indicates good quality RNA.

5.2.) Non-degraded intact RNA will be used for Real-Time PCR; individual Tagman assays or
RT2 profiler arrays using Sybr-green chemistry. The RNA can also be used for mMRNA
microarray analysis and microRNA microarray analysis.

REPRESENTATIVE RESULTS:

In our first LCM study, we were able to show that functionally distinct subregions (CA1 and
CADJ) of the rat hippocampus have gene expression profiles that reflect their vulnerability to
TBI.® Figure 1A-C shows laser capture of hippocampal pyramidal neurons (CA1-CA3), dentate
gyrus neurons and SCN neurons before, and after LCM. Clean captures of pyramidal, granule or
SCN neurons, respectively, are shown on the macro caps. Figure 2A-B illustrates dying, Fluoro-
Jade positive pyramidal neurons and surviving, Fluoro-Jade negative pyramidal neurons before
and after LCM. The clean capture of the dying or surviving neurons is shown by viewing the
captured cells on the LCM caps.

After LCM, the total RNA can be used for a diverse array of molecular studies including
guantitative real-time PCR analysis of gene expression using TagMan or SYBR green



chemistries (Figure 3A), small focused PCR arrays with SYBR green probes (Figure 3B) or
whole genome microarray studies (Figure 3C).

DISCUSSION:

This LCM technique has enabled us to make significant advances in understanding the molecular
mechanisms of TBI.21%1213 \we were the first investigators to utilize this technique to
demonstrate that distinct subregions of the rat hippocampus have gene expression profiles that
correlate with their selective vulnerability to injury. Our studies showed that we could quantify
gene expression, by gPCR, from as few as 10 laser captured cells and that we could perform
genome-wide microarray analysis from as few as 600 captured cells. LCM would be a valuable
tool in similar studies of other brain regions that are known to be implicated in diverse
neurological and neuropsychiatric disorders. For example, studies using LCM have shed light
into the pathogenesis of Parkinson’s disease in dopamine neurons of the substantia nigra,* and
aided genome-wide profiling studies of the nucleus accumbens, which is involved in reward
circuits implicated in substance abuse disorders.*

Neuronal heterogeneity is reflected at the genome level *® and may contribute to the lack of
success of experimental treatments for TBI in clinical trials. Thus, our goal is to utilize this
technique to investigate the critical elements influencing neuronal survival after TBI. Our recent
genome-wide profiling study of dying and adjacent surviving hippocampal neurons after TBI
suggested that a cellular rheostat that reflects the ratio of the expression levels of cell survival to
cell death genes regulates cell fate after TBI. These ongoing studies will contribute to the design
and development of pharmacotherapeutic strategies that can positively influence the cell survival
rheostat. Furthermore, we currently use LCM to track and monitor the effects of potential
therapeutic drug treatments in hippocampal neurons after TBI. Thus, our studies demonstrate that
given careful RNase-free handling techniques and some modifications of existing protocols, it is
possible to obtain high quality RNA samples from LCM for accurate quantitative gene
expression analysis.

However there are a few pitfalls associated with LCM techniques. For example, collecting only
neuronal cells without any microglia contamination can be almost impossible. In the pyramidal
cell layer of the hippocampus it has been estimated that 95% of the cells are neurons with 90% of
this population to be pyramidal cells and 10% interneurons, leaving a small percentage of glial
and other cell types. **"*® In our studies we use Fluoro-jade a fluorescent dye that specifically
labels only injured neurons in brain tissue. A different stain that is a marker for GFAP would be
necessary to stain microglia °. Collecting only the Fluoro-jade stained single neuronal bodies
ensures a more homogenous population of neurons. Another common problem that may require
troubleshooting is that a circle is not defined when the laser is fired. If this occurs, it is necessary
to check the laser settings and adjust the power and duration as necessary. Also it is important to
ensure that the cap is placed flat on the tissue and seated correctly in the arm. Referring to the
LCM technical manual or calling technical support will sometimes be necessary. Following

LCM and RNA isolation, the quality of the RNA should always be assessed using a bioanalyzer
prior to any gene expression analysis.



There are several types of laser capture instruments currently on the market including laser
cutting (Life Technologies, Leica Microsystems) and laser catapulting (Zeiss) instruments. Our
LCM system works well for capturing small numbers of cells. Other high-throughput and more
automated systems may be more suitable for obtaining larger numbers of cells for genomic and
particularly proteomic analysis. Indeed, LCM using these automated systems has great potential
for analysis of protein expression in identified cells or enriched populations of cells.?
Furthermore, LCM can facilitate gene expression analysis of immunolabeled cells,?* allowing us
to investigate gene expression in defined cell types regardless of the complexity in the most
heterogeneous tissues. Thus, LCM is an excellent tool for cutting-edge molecular studies of
single or enriched populations of cells.
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REAGENTS AND EQUIPMENT:

Name of the reagent

Company

Catalogue number

PixCell Ile Laser Capture Microscope

Life Technologies (Arcturus)

Agilent 2100 Bioanalyzer

Agilent Technologies

RNAqueous Micro- Kit Life Technologies (Ambion) | AM1931

Agilent 6000 Pico Kit Agilent Technologies 5067-1513

Capsure LCM caps Applied Biosystems LCM0211/L.CM0214
Fluoro-Jade Histo-chem Inc. #1FJ

Cresyl Violet Acetate Sigma-aldrich C5042-10G

Xylene (Histological grade) Fisher Scientific X3P-1GAL

Ethanol 200 proof (Histological grade) | UTMB pharmacy

RNase free barrier pipette tips

Fisher Scientific

2123635, 212364,
212361, 21-236-2A

Arcturus Laser Capture Microdissection system (Life Technologies)
http://tools.invitrogen.com/content/sfs/brochures/cms_086283.pdf

Zeiss Laser Microdissection The PALM family
http://microscopy.zeiss.com/microscopy/en de/downloads/brochure-

downloads.html?catalog=Ilaser microdissection

Leica Microsystems
http://www.leica-

microsystems.com/fileadmin/downloads/Leica%20DM6000%20B/Brochures/Leica DM4000-

6000 B-Brochure en.pdf
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FIGURE LEGENDS

Figure 1. Laser capture microdissection of swaths of defined cell populations from the rat
brain. Frozen 10um coronal sections of the rat brain are fixed in ethanol, stained with a nissl
stain (cresyl violet) and prepared for LCM. Shown are pictures of the rat hippocampus and
suprachiasmatic nucleus before and after LCM and the captured cells as visualized on the macro
caps. A. Pyramidal neurons from the CA1-CA3 subfields of the rat hippocampus. B. Granule
cells in the hippocampal dentate gyrus. C. Bilateral suprachiasmatic nuclei located on either side
of the third ventricle and located above the optic chiasma.

Figure 2. Laser capture microdissection of single neurons from rat hippocampus. Shown
are A. Degenerating, Fluoro-Jade-positive (stained) hippocampal CA3 neurons and B. Surviving,
Fluoro-Jade-negative (unstained) CA3 neurons before and after LCM. Captured cells are
visualized.

Figure 3. Gene expression analysis of total RNA isolated from laser captured neurons. A.
Quantitative real time PCR data of circadian clock gene expression in SCN. B Heatmap of gene
expression in dying and surviving hippocampal neurons showing expression of apoptosis-related
genes using focused PCR arrays. C. Agilent whole-genome microarray analysis of gene
expression in hippocampal CA1-CA3 neurons from rats that received sham injury, TBI or TBI
plus a recombinant adeno-associated siRNA virus designed to knockdown expression of genes
induced by brain injury (neuronal nitric oxide synthase and glutathione peroxidase-1).
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Name of the reagent

Company

Catalogue number

PixCell Ile Laser Capture

Life Technologies

Agilent 2100 Bioanalyzer

Agilent Technologies

RNAqueous Micro- Kit Life Technologies AM1931

Agilent 6000 Pico Kit Agilent Technologies 5067-1513

Capsure LCM caps Applied Biosystems LCMO0211/LCM0214
Fluoro-Jade Histo-chem Inc. #1FJ

Cresyl Violet Acetate Sigma-aldrich C5042-10G

Xylene (Histological grade) Fisher Scientific X3P-1GAL

Ethanol 200 proof (Histological

UTMB pharmacy

RNase free barrier pipette tips

Fisher Scientific

2123635, 212364, 212361, 21-236-
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Title of Article:

Author(s):

expression-analysis-after traumatic brain-injury
Deborah R Boone, Stacy L. Sell, Helen L. Hellmich

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via: X Standard Access

Item 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
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shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
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damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Dr. Angela Messmer-Blust, Ph.D
Science Editor
Journal of Visualized Experiments
15 October, 2012
MS: JoVE50308R1

“Laser capture microdissection of pure populations of neurons or single neurons for gene expression
analysis after traumatic brain injury”

Dear Dr. Messmer-Blust,

Thank you for the opportunity to submit our revised manuscript to Journal of Visualized Experiments.
We appreciate the insightful comments and suggestions of the reviewer and have revised our manuscript
accordingly. Our response to the reviewer’s comments is below.

Reviewer:

Major Concerns:

1.”...there should be some discussion of how one would confirm the purity of the sample for neurons
with minimal microglia contamination...”

Response: We agree that when collecting a swath of neurons in the CA1-CAS3 region of the
hippocampus, it is impossible not to obtain some microglial contamination. However, greater than 95%
of the cells in the pyramidal cell layer of the CAL1 region are neurons [1]. Thus, microglia contamination
should be minimal. Nevertheless, to be sure, we can obtain an assessment of glial contamination in the
samples using gPCR to determine the expression levels of a glial marker such as GFAP. In our
experiments we use Fluoro-Jade staining, which stains only injured neurons, allowing the identification
and subsequent laser capture of single neuronal bodies with minimal to no microglia contamination.
Uninjured neurons are identified by staining with Cresyl Violet, a Nissl stain that is compatible with
preservation of RNA integrity and is also neuron specific.[2] We have revised the discussion to include
an explanation of how to confirm the purity of a sample.

2.”7...there is limited discussion of the pitfalls of trying to do this procedure, hints for how to
troubleshoot, how to confirm quality, the minimal number of captured cells, any difficulties that may
arise with using "injury" tissue.

Response: We agree that it is important to discuss the problems and pitfalls of LCM procedures. In
particular, collecting single neurons is tedious and requires many subjects; cells from multiple animals
need to be pooled to accumulate enough tissue for one sample. Furthermore to ensure good quality
RNA, LCM sessions are limited to 30 min to 1 hour per, cap and the quality of the RNA is measured
using an Agilent Bioanalyzer (Agilent Technologies, Santa Clara CA), discussed in Sections 5.1 and 5.2.

Minor Concerns:
1. Section 2. - The length of time the tissue can be held at -800C needs to be mentioned.

Response: Tissue storage and timing is, indeed, an important issue. In our experience, brain tissue can
be stored at -80°C for up to one month prior to sectioning. Once the brain is thawed, mounted in OCT
and sliced, we promptly (within 24 h) stain the sections and use them for LCM within 30 minutes to one
hour of staining. This ensures good quality RNA. We found that brain tissue that has been sectioned,
then re-frozen and used for LCM at a later time yields lower quality RNA than whole brain tissue that
has been frozen at -80°C for months prior to sectioning-- a technique which can still yield high quality
RNA. We have revised and addressed in section 2.1 the comment pertaining to the length of time tissue
can be stored at -80°C prior to sectioning and LCM.
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2.”... having one technician cutting the tissue staining and then giving to a second person doing the
capture significantly decreased the number of samples required for microarray analysis.”

Response: We agree that it would be useful, when possible, to have one technician sectioning and
staining while another technician performs LCM, as it would reduce the time required to process all of
the sections. However, this protocol makes it possible for the procedure to be carried out by a single
technician. Not all investigators have the number of research personnel needed for complex procedures
such as these and in our laboratory one person is routinely able to obtain sufficient numbers of neurons
for gene expression analysis using the methods described.

3.7 ... itwould be of benefit to mention the timing aspect of tissue collection...mention of how long the
collected tissue can be stored prior to RNA isolation would be helpful.

Response: Collected tissue in lysis buffer can be stored at -80C for a week, but RNA should be isolated
in a timely manner to insure highest quality. See Section 2.1.

4. Was the cryostat blade and the area on which the brain slice will rest after cutting washed with
RNase free water? Or some other treatment? Is the 95% alcohol made from 100% with RNase free
water?

Response: The cryostat is cleaned with ETOH and RNase-zap before sectioning. Disposable low
profile blades are changed in between each tissue sample. All staining solutions are prepared with
RNase free water.

5. If the authors have experience with other RNA isolation Kits, such as a lipid-rich tissue kit, or others it
would be helpful to mention this somewhere for what worked and what did not.

Response: The kit used here, RNAqueous-Micro Kit (Ambion), is specifically designed to isolate RNA
from small populations of cells (1 — 10). At the time of our development of LCM techniques, it was the
only kit available for this purpose and was particularly suited to LCM. There are other kits on the
market, but we do not have any experience with them; this kit has worked quite well.

6. What is the minimum number of cells required for analysis? Thus, what is the approximate yield
needed for each of the types of analysis.

Response: The minimum number of cells required for analysis depends on the downstream application.
For microarray analysis, we have obtained excellent data from as few as 600 cells; for gPCR we have
performed gene expression analysis from as few as 10 cells. In our first gene expression studies of
neurons obtained by LCM, we were able to linearly amplify total RNA from as few as 5 cells, (3
captures from 10um sections is estimated to be equivalent to one cell since the neurons are
approximately 30 um in size) and obtain excellent results using ribonuclease protection assay.[3] The
discussion has been revised accordingly.

Regards,

Helen Lee Hellmich, Ph.D
Associate Professor

Department of Anesthesiology
University of Texas Medical Branch
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